The uncertainty in hydrologic model outputs is the accumulated effects of input data, model structure and process description, which all are also scale dependent features. It is hard to pinpoint the basic reason of uncertainty; however, it is understandable that the dominant reason remains changing on the basis of data type, model structure and parameterization over a range of scale. In this paper, the spatial rainfall structure has been analyzed by spectral observation over a wide range of spatial scale, which presents a good insight to understand the spatial rainfall structure dynamics. The scale dependency of spatial rainfall characteristic is detected as a dominant reason to impart uncertainty in larger scale relative to catchment scale. A significant sensitivity of reference grid position in multi scale frame is also noticed, which displays the extent of anisotropic rainfall structure and its effect on different scale. The Huaihe River basin (132,350 km2) and its sub-basins are taken as a case study.
INTRODUCTION
There are many unanswered questions regarding the uncertainty such as a) how to quantify the uncertainty components; b) how does uncertainty inherit from preceding processes; c) how to identify the generated uncertainty within ongoing processes; or d) how the uncertainty is interacting with the scale issues. The different dominant hydrological processes at different scale of analysis obviously make a different interaction with forcing data. Since the rainfall is one of the major forcing data, its interaction can be one of the dominant reasons to cause uncertainty in hydrologic modeling. There is a strong need to understand the limitation of rainfall data to impart the uncertainty in a wide range of scales such that it may help to set up the direction of uncertainty investigation. A new paradigm is felt necessary in this regard to penetrate these issues and make a more clear understanding.
A spectral analysis of the spatial rainfall structure presented here displays how the space-time rainfall field changes its characteristic in a changed scale frame. This change affects the hydrological analysis, probably both the distributed and lumped cases, since the lumped models often use the up-scaled point data to obtain the catchment average input rainfall and distributed models are certainly sensitive to spatial scales as well.
Basin and sub-basins of the Huaihe River (Table  1) in China are taken as the case to study (Fig. 1) . Grid rainfall data is referred from the EXPT data1) with ten-minute spatial and one-hour temporal resolutions. This data is a merged experimental data from HUBEX IOP EEWB data2) and GAME Re-analysis 1.25-degree data (Version 1.1)3) for the period of May 1, 1998 to August 31, 1998.
SPECTRAL ANALYSIS OVERVIEW
The spectral analysis is conventionally based on Fourier analysis, in which the signal is compared with a number of basis functions composed of sines and cosines of different frequencies. This kind of analysis is unable to analyze multi resolution data for scale effect investigation4). The scale based wavelet analysis is another way of spectral analysis that is introduced first by Grosmann and Morlet5) to apply in geophysical seismic signal processing, which now is widely used in analyzing the structure of time series by using variable size windows6). The wavelet analysis is believed to offer a different approach to looking at signals such as the use of longer time windows to detect low frequency (large scale) information and vice versa7). Consequently, the signal is decomposed into components of different time scales and this offers a method for a local examination of the signal, a multi-scale outlook, and a time-scale analysis8). Similar approaches are tested in the investigation of the stationarity of hydrologic and climatic time series9); to identify dominant time scale10); and in multi resolution analysis as well11).
Interpretation of signal frequency into the time scale phenomenon is straightforward to understand. In addition, this method may also be suitable to analyze the spatial information, where the spatial data structures have significant influence, for example, in the distributed hydrologic analysis. There are strong research interests to know how the spatial data changes in a multi resolution transfer. However, a little is known about the methods and consequences of spatial signal processing by means of wavelet analysis. Investigating the spectral analysis in this direction is a new topic of the research.
In hydrology, the spatial signals and temporal signals are equally important. The static and dynamic heterogeneity of hydrologic variables in space and time have significant influence in overall response. The topography, channel configuration, land-use classes etc. are some examples, which impart the static heterogeneity in space. The rainfall, soil moisture, evapo-transpiration etc. are some examples, which impart the dynamic heterogeneity in space. Influence of the heterogeneity on the hydrologic response is dependent on the spatial scale, which may be evaluated by a wavelet response function. The obtained plot of wavelet response function with multi resolution scale in this case can be interpreted as a 'scale spectrum', which provides a mean to investigate the consequences of the heterogeneity of spatial signal in the range of large to small scale. Studying the relative amplitude of the wavelet response function at different scales gives an idea about the dominant scales where the heterogeneity have strong influence in the response function.
FUNDAMENTALS OF THE ANALYSIS
(1) Signal processing in space The signal in space is considered as non-uniform continuous signal that may or may not have periodicity; however, it can be separated into artificial intervals for analysis. The segments of signal in a defined interval may be interpreted as resolution in one-dimensional space. This spatial signal is intended to be subjected to the spectral analysis. The wavelet response coefficient (WRC) transformed from the signal is given by curvilinear integration of the signal and the wavelet response function given by (1) 
It is well known that the statistical moments are the descriptors of the data property. Therefore, the transformed function using the moments have strong basis of reflecting the basic data property in evaluation of the WRC, which ultimately may appear in the spectrum to display the proper significance of the data structure.
The WRC has been supposed to indicate analogous catchment response such as to produce runoff from the rainfall. This has been attempted to be related by an exponent model12), as it is one of the simplest non-parametric models. An experiment with an alternate model may be future research work. Thus an instantaneous WRC (IWRC) is given by Changing the data scale x by upscaling or downscaling process and then re-calculating the WRC for the range of spatial scales yield a set of WRC for multiple scales from the same mother data. The differences between the multi scale WRC and the reference scale WRC produce a scale spectrum of wavelet responses, which visualize the data property deviation within the multi scale frame relative to the reference scale. This is given by (10) When the differences between the multi scale WRC are observed at a fixed A scale interval, it produces a delta scale spectrum, which is given by (11) The vertical axis of Fig. 2 through Fig. 4 is amplitude of WRC. With change in resolution along horizontal axis, an amplitude change pattern can be seen forming a spectrum that gives an idea how the data features are deviating in multi resolution frame of the spatial domain. It may be interpreted as an indicator of particular change in two-dimensional spatial variability of the data.
The massive fluctuations of the response amplitude appear at different scales in different catchments but they are surely at relatively coarser resolutions. The effects of reference grid shift are plotted in I, J and K sets (each includes 9 set of simulations) of spectral plots referring the shift in horizontal, vertical and diagonal directions respectively, which reveals non-identical behavior of spectral change for shift in separate directions. The spectral fluctuation looks similar in both scale spectra and delta scale spectra, though one to one comparisons might have differences.
In the process of changing the data scale, there is high chance of change in accumulated value of time series within a fixed boundary of a catchment due to influence of differences in surrounding cell data. This is not favored in hydrologic analysis and hence the accumulated data is usually maintained by using some arbitrary corrector1). In this experiment, two sets of data V1 and V2 are examined, where VI refers to unmodified multi scale data and V2 refers to modified multi scale data by arbitrary corrector to maintain the same accumulated value. Surprisingly, the spectral plots of V1 and V2 set data produced under the same condition, the same catchment area and the same direction of reference grid translation are found quite different (see V1 and V2 sets of spectral plots), unlike the conventional expectation.
DISCUSSIONS
(1) Interpretation of the spectral plots The differences in scale spectra at different catchment boundaries indicate that the size of catchment perhaps has a non-linear effect on them. The birth of massive spectral dispersion corresponds to the initiation of transitional resolution range13), which may appear when grid cell size grows much coarser relative to catchments area; or when the grid boundary divides the catchment of much smaller area than the grid cell size itself; or when the grid boundary position shifts gradually in accordance of the changed spatial resolution. The rise and fall in spectral line occurs due to response of multi resolution data with catchment area.
The significant difference between V1 and V2 sets of plots shows that the forcing process to maintain the same accumulated value is not a non-responsive process, but it may impart uncertainty. The concept of preserving water balance is in fact modifying the data scenario in multi scale frame. There is complex interaction of the modification in space-time variability due to the intruded bias in the data, which has significant influence though accumulated value remains the same; and because of that there are differences in the spectral plot.
The spectral plot can identify the upper limit data resolution for distributed modeling. Even in lumped modeling it may bring important information to investigate the catchment average value, which is the upscaled point measured data. Normally the basin average value is not much investigated, though it is well known that it may differ significantly from the truth14). The biases in lumped basin average value are treated by adjusting parameters of subsequent models like runoff models, which ultimately may affect the estimation of suitable parameter for the particular soil type, geomorphology and catchment characteristics. There is an importance to understand how the data is upscaled to get the lumped input for the analysis, because the lumped data itself may have uncertainty based on scale difference between the source and target domain and the reference grid position as seen in the spectral plots here.
The differences in spectral plots by shifting reference grid toward different directions indicate the rainfall is not homogenous. The detected spectral changes are due to either the directional bias or the orderly arrangement that the rainfall structure holds. Perhaps the layered spectral lines (Fig.3(b) or 3(e)) and twisting lines (Fig. 3(a) or 3(d)) are representing the parallel and crossing shift of reference grids with such rain arrangements or vice versa. The overall spectral form may be the function of catchment characteristic and scale domain of multi resolution system, but how the two spectrum lines differ to each other may be the function of the anisotropic rain structure.
(2) Spectral analysis and uncertainty One of the big challenges in hydrologic process understanding is to find out the basic phenomena that plays significant role in producing uncertainty15). The uncertainty in hydrologic model output is in fact accumulated effect of uncertainties in input data, model structure and process description, which all are also scale dependent features. It is hard to pinpoint a single reason of uncertainty in the modeling procedure; however, it is understandable that the dominant reason of uncertainty remains changing based on type of data, model structure and parameterization over a wide range of scale. The understanding of uncertainty in hydrology is still limited although there are many approaches and models available for analysis. The presented methodology may assist to figure out the basic phenomenon of uncertainty. Table 2 Marginal resolutions (minutes) in the spectrum.
Rainfall, being a major forcing data, certainly imparts uncertainty. If the rain structure is fluctuating, it causes massive uncertainty in the hydrologic analysis. The induced uncertainty from rainfall might be due to uncertainty in rainfall measurement or due to effect of scale difference between the rainfall field and model structure. There is significant importance to understand the scale relevant uncertainty in order to identify the scale where uncertainty level is tolerable and where it is not so or the induced uncertainty is terribly high. The fluctuations of spectral lines may be interpreted analogous to uncertainty imparted at different scale, which may stand as one prominent understanding of uncertainty. This helps to identify a marginal point ( Table 2 ) that separates the critical and non-critical part. In the non-critical part, the detected uncertainty may be due to the model structure and/or parameters. In the critical part, the uncertainty is more dominated by the rainfall structure than the effect of model structure or parameters.
CONCLUSION
A spectral analysis of the spatial rain structure is presented here to display the characteristic changes of space-time rainfall field in a multi scale frame.
The use of space-time integrated wavelet coefficients at different scales is able to display the fluctuation in spatial heterogeneity of the rainfall structure and able to identify the dominant range of scale where the uncertain component may evolve unexpectedly haphazard, which conventionally was an unseen problem.
The effect of bias introduced in an attempt to maintain the accumulated value of rainfall in a catchment is detected in the form of changes in the spectral plot, which has shown that the intruded bias may serve as a source of uncertainty.
A significant sensitivity of the reference grid system is detected when it is moved to different 
